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QUALITATIVE AND QUANTITATIVE DATA ON MELANOCYTES IN
HUMAN EPIDERMIS TREATED WITH THORIUM X*
RENATO J. STARICCO, M.D.
The complex reactions produced in normal and pathological human skin by
the application of thorium X have been studied extensively in Europe and in
this country. Peck (1) was the first to investigate the characteristic pigmentary
response by means of the dopa reaction. He described metamorphosis of epi-
dermal basal cells into melanoblasts and reported that at the height of the reactive
process practically every basal cell had become dendritic and contained dopa.
oxidase. Fitzpatrick et al. (2) recently demonstrated the presence of tyrosinase
in human skin stimulated by repeated exposures to ultraviolet rays. They showed
that only specific melanocytes contain this enzyme and concluded that these
are the only cells capable of producing melanin from tyrosine.
Becker, Jr., Fitzpatrick and Montgomery (3) then repeated Peck's experi-
ments. They found tyrosinase activity beginning three days after a five-day
exposure to an ointment containing 300/uc of thorium X per gram. Activity
was restricted to specific dendritic cells, and no transformation of basal cells into
melanocytes was observed. The latter were increased in number, presumably
due to (mitotic?) division of pre-existing cells. The authors thus supported the
concept of the specificity of the human melanocyte, which is now considered to
be of neuro-ectodermal origin (of Becker, Jr., and Zimmerman (4)).
The purpose of the present study was to review the findings of Peck and Becker,
et al. by studying the behavior of melanocytes stimulated with relatively small
doses of thorium X. The previous authors had used high concentrations, which
produced strong inflammatory changes in the skin and gross exfoliation of the
epidermis. It was believed that reduction of these complicating reactions might
produce additional information concerning changes in number, size, and func-
tional activity of the melanocytes and that their relation to the malpighian cells
might be studied to greater advantage under more physiological conditions.
TECHNIC
Two volunteers were employed. Subject 1 was a 34-year old white woman with
brown eyes, brown hair, and good tanning ability. The areas chosen for the
application of thorium X were the flanks and had not been exposed to sunlight
or artificial irradiation for nine months prior to the experiment. Three areas
(2 x 4 cm in size) were painted with an alcoholic solution containing 75 micro-
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curies of thorium X per ml. The skin surface was wetted thoroughly with this
solution. After it had dried, the application was repeated and the area sealed
with a sheet of plastic material held in place by adhesive tape. From each treated
area and from a corresponding area of normal skin paired biopsies were taken,
one for routine vertical sections and the other for the split skin technic. Specimens
were obtained at 24 hours, 7 days, and 15 days after the application of thorium X.
Each specimen was divided into four parts to be used for control, Masson silver
technic, dopa reaction, and tyrosinase studies.
Subject 2 was a 22-year old white man with brown eyes and rather poor tan-
ning ability. The area chosen was the right hip in the region ordinarily covered
by bathing trunks. Specimens from this subject were taken on the 7th day only.
In this case, the skin was thoroughly wetted with an alcoholic solution of thorium
X five times in succession, in order to obtain an increased deposit of radioactive
material.
The skin splitting technic used was the one previously described, employing
sodium bromide (5). The dopa reaction was performed on the fresh epidermal
sheets and followed by fixation in formalin. Tyrosinase activity was studied ac-
cording to the technic of Fitzpatrick, et al. (2) as modified by Becker, et at. (3)
for split skin by incubating the specimen in the tyrosine solution before fixation
in formalin.
For examination of paraffin sections, the dopa reaction was performed on small
fragments of skin fixed in buffered formalin for four hours. The specimens were
incubated at 37°C in two changes of freshly prepared buffered dopa for a total of
eight hours, then dehydrated after additional fixation in formalin and embedded
in paraffin. For observing tyrosinase activity, the specimens were fixed for 24
hours in buffered formalin, then incubated in tyrosine solution in the cold for 24
hours and at 37°C for another 24 hours. They were then dehydrated and em-
bedded in paraffin. All sections were cut 10 microns thick, except for some of
the silver stains where frozen sections were done.
OBSERVATIONS
The gross changes were much less severe than those described by Peck and
Becker, et at. Mild erythema was present 24 hours after application, moderate
and even pigmentation was found on the 7th day and persisted beyond the 15th
day. No inflammation, edema, or gross exfoliation were observed in either
subject.
The sheets of separated epidermis showed dopa-positive cells in all specimens.
Tyrosinase activity was found negative in normal skin and after 24 hours, posi-
tive on the 7th and 15th days (Fig. 1). Dopa stained sheets were used to measure
the size of the melanocytes and to count their number per mm2. The area of the
pericaryon was calculated by multiplying the shortest and longest diameters
between the points of origin of dendrites. *Examination of normal skin showed
* Themeasurements were done by Dr. Edward W. Kelly, Jr., Instructor of Dermatology,
Wayne State University College of Medicine, to whom I wish to express my sincere grati-
tude.
MELANOCYTES TREATED WITH THORIUM 18i
Fm. 1. a) Tyrosine H & E: 24 hours after Thorium X. 600 X b) Tyrosine H & E: 7 days
after Thorium X. 600 X c) Tyrosine H & E: 15 days after Thorium X. 400 X.
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an even distribution of melanocytes with a count of 1400 cells/mm2 in Subject
1, and 1000 cells/mm2 in Subject 2 (Table 1). The size of the pericaryons varied
somewhat. Out of ten cells measured in Subject 1, the smallest had an area of
230/i2; the largest measured 636/z2 (Table 2). On the 7th day the melanocytes
appeared more heavily pigmented, had larger and longer dendrites, and larger
pericaryons. The smallest of ten cells measured had an area of 430/s2, the largest
900/i2. The picture was similar after 15 days. The number of cells decreased
slightly in Subject 1 to 1300 after 7 days, and 1280 after 15 days. There was an
increase to 1300 in Subject 2 on the 7th day. This skin also exhibited some acan-
thosis with elongation of rete ridges.
During the examination of separated epidermal sheets, some dopa-positive
dendritic cells were found to lie within the stratum spinosum of Subject 1 on
the 7th day. In favorable areas, melanocytes were seen at the lower surface of
the epidermal sheet mounted so that this surface was closest to the observer.
Then, by changing the focus toward the keratinized far surface another pig-
mented dendritic cell would appear, separated from the junctional cells by a
layer of nonpigmented epidermis, (Fig. 2 A).
Examination of vertical sections of Subject 1 showed the following picture.
In the normal, non-irritated epidermis the melanocytes lie at the dermo-epi-
dermal junction between the basal cells. Few short dendrites penetrate through
the adjacent inter-cellular spaces. After 24 hours, the tyrosinase reaction remains
negative and the total picture is similar to the control.
TABLE 1
Number of melanocytes per square mm of skin surface before and after application of thorium X
Subject 1 Subject 2
Control
24 hours
7 days
15 days
1400
1400
1300
1280
1000
—
1300
—
TABLE 2
,Size of the pericaryon of melanocytes before and seven days after thorium X in subject J*
Before After
1) 230 430
2) 262 479
3) 286 484
4) 318 484
5) 330 572
6) 343 645
7) 372 787
8) 440 821
9) 452 894
10) 636 900
* Area calculated by multiplying the largest and shortest diameters of the pericaryon.
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Fm. 2. a) Separated epidermis. Dopa: Melanocyte in upper prickle layer 7 days after
Thorium X. 800 X. b) Dopa-il & E: Melanocyte in upper prickle layer. 10/u section. 600 X.
c) Frozen section. Silver: Melanocyte in upper prickle layer. 600 X. d) Silver-H & E.
10/u section: Melanocyte in upper prickle layer. 600 X.
On the 7th day, the melanocytes are strongly positive for tyrosinase. There is
no increase in their number, but their size seems greatly increased (Fig. 1, 2, 5).
More cytoplasm is present, rich in pigment, and the cells are polymorphic with
thicker, larger and longer dendrites, which extend all through the prickle cell
layer. A peculiar picture is offered by some melanocytes being located in the
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upper part of the prickle cell layer and just below the granular layer. They have
various shapes, but usually they are flattened parallel to the skin surface and
seem to be compressed in the surrounding upper epidermal cells (Fig. 2).
After 15 days, the epidermis presents a hyperkeratotic horny layer while the
other layers have become thinner. The control section shows golden brown gran-
ules in the spaces between the prickle cells. At times rows of granules seem to
FIG. 3. Dopa 15 days after Thorium X. a) c) d) Dopa positive cells in keratin layer. The
cell in d) still retains a dendrite. b) Clear spaces surrounding some melanocytes. 400 X.
-
'S
V I
S
a
I
' 4!
p
e
S
0
is
2
9
1;
MELANOCYTES TREATED WITH THORIUM 191
Fin. 4. Separated epidermis. a) Normal melanoeytes in untreated skin. Dopa, 400 X.
b) Enlarged melanoeytes 7 days after Thorium X. Dopa, 400 X. e) Melanocytes 15 days
after Thorium X. Dopa, 400 X. d) Tyrosine: Case ,2—7 days after Thorium X. 600 X.
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follow a pattern which leads to cells located at the dermo-epidermal junction.
These cells have a central or peripheral large nucleus stained blue by hematoxylin
and a cytoplasm which has an irregular shape and is filled with similar golden
granules. There is no doubt that these cells are melanocytes. They often are
FIG. 5. Separated epidermis in case ,2. a)-b) Dopa 7 days after Thorium X: Same area
under two different focuses shows hyperactive large melanocytes with a rich dendritic net-
work. 1100 X.
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surrounded by a vacuum which has the same shape as the cell body (Fig. 4, b).
Not every cell, however, presents this empty space. Round masses of the golden
granules are found in the stratum spinosum, granulosum, and corneum. That at
least some of these masses are complete cells is shown by the presence of a
stained nucleus and occasionally the remnant of a dendrite. Melanophages often
are found in the upper dermis.
Dopa and tyrosinase reactions show large melanocytes located mostly in the
basal layer. These cells have very long and darkly pigmented dendrites, which
spread far (Fig. 1, c). The pericaryon is shaped irregularly and generally is
elongated. Many of the melanocytes seem to have returned to their normal size
and are surrounded by the clear space previously described, giving to the dermo-
epidermal junction a peculiar irregular configuration (Fig. 4 B). The round pig-
mented ce]ls observed in the granular and keratin layers of hematoxylin stained
sections are found to give a variable response in dopa and tyrosine treated speci-
mens. Tyrosinase is demonstrable in the cells located in the upper prickle cell
layer and granular layer, the granules staining almost black. Enzyme activity
is absent in those cells lying in the stratum corneum. The dopa reaction occa-
sionally is found positive even in cells in the keratin layer, but this is a rare oc-
currence. Sometimes a dopa-positive cell is found that still is furnished with a
short dendrite (Fig. 4). Cells of this type generally lie in the lower part of the
keratin layer, just detached from the granular layer.
DISCUSSION
The findings reported seem to confirm that melanin is formed only by specific
melanocytes and that no transformation of epidermal cells into melanocytes
takes place. Peck's deviating conclusions may be explained by his technic. In
relatively thick frozen sections as used by this author it is almost impossible to
be sure of the origin of the numerous dendrites seen in stimulated epidermis. It
seems that the melanocytes react to mild stimulation with thorium X not with
an increase of their number but, instead, with an increase of their activity. More
melanin is produced and the cytoplasm becomes larger and polymorphic with
much longer dendrites than are seen normally (Fig. 5). A slight decrease in
number of the melanocytes seems to occur in the two weeks following the rela-
tively weak stimulus used in subject 1. This decrease evidently is due to a process
of elimination. Some of the melanocytes gradually move up into the prickle cell
layer, granular layer, and finally, horny layer, losing almost all their dendrites in
the process but retaining their vital enzymatic activity until they get up to the
stratum corneum. It seems that the dendrites lost during migration leave amor-
phous and irregular masses of melanin in the inter-cellular spaces and between
the keratin sheets.
Somewhat stronger stimulation, as used in the second subject, produces a
moderate increase of the number of melanocytes per cm2 of skin surface. This in-
crease seems to parallel the elongation of the rete ridges, and the number of
melanocytes per square unit of dermo-epidermal junction probably remains
fairly constant. This fact poses the question, whether the increase in number,
which was also reported by Becker et al., is related directly to increased pigmen-
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tary function, or is secondary to inflammatory acanthosis. It is also possible that
the increase is of the nature of a compensatory hyperplasia fo]lowing accelerated
elimination of cells by desquamation.
Fifteen days after the stimulus has been set, the behavior of the melanocytes
that did not leave the dermo-epidermal junction is variable. Some are found to be
small and surrounded by a vacuum-clear area having the approximate shape of
the melanocyte, while others are as large as the ones found at seven days. This
difference might signify actual shrinkage, whereby an extracellular accumulation
of fluid is produced. Or a process may be involved similar to that in amphibian
melanophores where the pigment granules may concentrate around the nucleus
leaving the transparent cytoplasm and the dendrites almost invisible. In that
case, the clear area actually would be a part of the melanocyte. Depending on
which of these explanations is true, the increased size of the melanocytes after
stimulation would be either a real enlargement, if the clear space seen later is
extracellular, or an apparent enlargement if we think of the clear space as cyto-
plasm derived of melanin.
Another point to be considered is the migration of the melanocytes and their
relation to the Langerhans cells. It is the prevalent opinion in England and in
this country that the "high-level branched cells" are "effete" melanocytes to use
the terms of Billingham and Medawar (6), dying cells that are being desquamated
with the epidermis in a manner similar to all other corpuscular elements caught
in the slow outward movement of the malpighian layer (cf. Pinkus (7)). This
opinion is based on various types of evidence and particularly on the fact that
all dendritic cells in the epidermis are stainable by silver, gold, and supravital
toluidine blue according to Billingham and Medawar (6). The cells of Langerhans
type do, however, not ordinarily contain melanin or show either dopa-oxydase
or tyrosinase activity. The demonstration of high-level pigmented dendritic cells
giving these reactions on the 7th day after mild stimulation with thorium X
seems to lend support to the view that melanocytes are eliminated by desquama-
tion also under normal conditions. Hendren and Pinkus (8) have shown that the
epidermis exfoliates much more rapidly after small doses of thorium X. This
fact, together with greatly increased functional activity of the melanocytes and
radiation injury possibly suffered by some of them, may be the reasons that
more cells are eliminated and at a rate so rapid that they still contain melanin
granules and active enzymes. Cells of this type were seen in separated epidermal
sheets as well as in vertical sections of skin. The possibility of optical deception,
so well delineated by Becker et al. (3), was ruled out by careful observation.
The observations of Becker et at. were confirmed in another point. While the
melanocytes contained numerous melanin granules and their dendrites reached
way up to the granular layer after stimulation by thorium X, no increased pig-
mentation was seen in the basal cells. It is believed, however, as stated elsewhere
(5) that this fact is due to a temporary block under pathologic conditions, which
either do not permit the melanocytes to discharge their granules, or perhaps
more likely, prevent the malpighian cells from accepting them.
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SUMMARY
The behavior of melanocytes of human skin was observed after stimulation
with weak concentrations of thorium X that did not produce marked inflamma-
tory reactions.
Under these conditions, the melanocytes exhibit increased functional activity,
but do not increase in number unless the epidermis reacts with acanthosis and
elongation of rete ridges.
No transformation of malpighian cells into melanocytes was observed.
Cells containing melanin and exhibiting dopa-oxydase and tyrosinase activity
were seen to ascend into higher layers and to be desquamated with the epidermis.
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